ABSTRACT
INTRODUCTION
Over the last century, degradation of harbours has resulted from extensive contamination of the associated sediments. The maintenance of waterways is of great concern in the USA as well as in European countries, as there is at present no satisfactory solution to the management of dredged sediments. The case of sediments is of particular interest, since large amounts of sediments are dredged to maintain harbour installations and keep rivers navigable. When the dredged zone is located near industrial, urban, or specialized sites, these sediments are in most cases polluted by heavy metals and organic compounds such as PAHs /I -3/ and dioxins /4/, that are harmful to the environment and may also be a threat to human health at high concentrations. Depending on their metal toxicity Vol. 27, No. 5, 2008 they will be either spread on agricultural land, confined or sent for chemical treatment /5/. In many cases, their spreading on land is consequently no longer possible for obvious safety reasons.
Consequently dredging of this material for channel maintenance and expansion presents a potentially enormous cost due to its removal, treatment, and ultimate disposal. Therefore, stabilizing metal pollutants and destroying organics from these sediments for either the beneficial reuse or safe storage is a very attractive option. There is growing interest in stabilizing metals and destroying organic pollutants in these sediments and using them for the production of secondary materials. A technology to accomplish this objective is the treatment of raw dredged sediments with soluble phosphates followed by calcination, where the product has potential application in roadway pavements, concrete, and brick fabrication, as well as other potential applications.
Solvay (a Belgian international company) has developed such a technology (the NOVOSOL® process) /6/ to immobilize metal contaminants into hydroxyapatite (Μ 5 (Ρ0 4 ) 3 0Η, Μ: divalent metal) and decomposed organic pollutants; this treatment process has been optimized for numerous fly ashes, automobile shredder residues, and dredged sediments contaminated with both inorganic and organic contaminants throughout Europe.
Incorporation of wastes into construction materials is a new field that is growing in many countries.
The potential utilization of the Treated Sediments as a base for the fabrication of construction materials, for rehabilitation of quarries, the building of waterway banks and paths, and fabrication of bricks, is being demonstrated, as well as the eco-compatibility of the final product in its final application. Experimental projects dealing with these issues are in progress in France, Italy and Belgium.
The current practice used for the management of contaminated dredged sediments is to store them in controlled watertight lagoons, but this is more and more restricted because of the associated effects on landscape, odor emissions, and because it does not address the risk that the polluted sediments pose in the long-term.
Plants growing on the stored deposits have been tested for their potential to take up the pollutants, but here again it is not a pollution remediation but only a 
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The latter stage is related to the sintering process that led to the porosity reduction, specific surface area reduction, particle size growth. This consequently reduces the environmental availability of the entrapped pollutants as confirmed by leaching tests performed when assessing the environmental impact 111.
This paper is focused on the investigation of the behaviour of the heavy metals and organic compounds during calcination of the phosphated dredged.
Afterwards, the structural change of the sediment during thermal treatment was investigated: particle size, specific surface area, density and the porosity changes of the treated sediment. The understanding of the evolution on these properties will help for the beneficial reuse of the treated sediment in various industry such as the civil engineering.
MATERIALS AND METHODS

Preparation of sample
The experiments were conducted with sediments from two different regions named sediment SV and SD. 
Calcination procedure
The sediment is introduced into an alumina crucible for a thermal treatment in a static furnace. The heating rate of 10°C/min was imposed from room temperature to the designated isotherm temperatures for the experiments (from 100 to 1000°C). This temperature is maintained during 3h, after which it decreases until ambient temperature.
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Chemical characterization
The moisture, heavy metal and organic contents of the two sediments are presented in this section. Table la and lb. 
Table lb
Ca, Ρ and Metal content (mg/kg) (dry)
Characterization of heavy metal in gaseous phase
The calcination experiments were carried in a preheated horizontal tubular furnace CARBOLITE 12/65/600 (diameter = 60 mm, length = 600 mm) when we introduced 10g of sediment into an alumina crucible.
During the calcination experiments, the air flow rate was fixed at 150 L/h and the temperature at 500 to Finally, the oven was connected to two impingers filled with a solution of lOOmL ΗΝ0 3 0.5M allowing the collection of the vaporized fraction of the heavy metals to be determined (Fig. 1 ).
Physical characterization
The specific surface area of the samples was and the TMA can provide excellent insight to the sintering process.
RESULTS AND DISCUSSION
1 Behaviour of the organic compounds and heavy metals
The calcination of the phosphated dredged sediments has been carried out from room temperature to 1000°C. The most significant effect observed is the destruction of organics (Figure 1 ). The TGA curves show the total destruction of organics at 700°C. This result is similar to that published by Hu et al 191.
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Thermal characterization
Differential scanning calorimetry (DSC) and 
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For a better understanding of the distributions of heavy metals between the solid and gas, we represented the ration solid concentration / gas concentration for Zn, Pb, Cd and As for sediment SV and SD (Figure 3a and Figure 3b ).
The results presented show a low concentration of Zn, Pb, Cd and As in gas phase (around from 6 to 7%wt). The majority of these metals is probably condensed. Condensation is well-known and have been described for incineration of waste. It has been shown that about 30 to 40% (wt) of the total quantity of metals condense in the de-dusting system. In our case, the low air flow circulation together with the temperature gradient are favorable conditions for the condensation.
To evaluate the stabilization of these metals, TPLC (Toxicity Charactrestic Leaching Procedure) test was used. According to the results (Table 3a and Table 3b 
Structural changes
The trend observed could be explained by the decomposition of organics that results in the evaporation of C0 2 and water vapour generating the creation of porosity in the sediment. The consequence of such a phenomenon is the significant increase of the specific surface area that reaches the maximum at 400°C (Figure 4 ) for both sediments. The increase in the surface area is higher in the case of the SV according to the higher initial organic content (see Table 1 ).
These results could be explained by the sintering of phosphated mineral matrices well known in the literature at temperatures higher then 600°C /10 -12/.
Sintering occurs in three stages as described by White One of the effects of the calcination observed is the increase of the surface area up to 400°C followed by a significant reduction accompanied by the particle size growth. Increase in surface area is attributed to the formation of pores due to the decomposition of organics. The evolution of properties is caused by the thermal sintering explained by the formation of necks and grain boundaries. The results presented also showed that the higher the temperature, the stronger the sintering process leading to the surface area reduction and the particle size growth.
